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Location of Project.,

State
County
City
River

Drainage Area.

Pumping Station

Structure
Size
Pumps

Pumps, capacity, each
Motors

FOX POINT HURRLCANE BARRIER
PROVIDENCE, RHODE ISLAND

DESIGN MEMORANDUM NO. 10
PUMPING STATION

PERTINENT DATA

The prineipal purpose of the
pumping station is to pass the
flow of the Providence River
during gate closure for hurri-
cane tides.

Rhode Island,

Providence.

Providence.

On the Providence River 900
feet upstream from the conflu~
ence of the Seekonk and
Providence Rivers,

77 square miles.

Reinforeced conerete with

brick and steel superstructure.
214 x 914,

Bottom Elevation «27.0 m.s.l.
Roof Elevation +68,15 m.s.l.
Bel20" diameter, 150 RPM.
l,hOO.c.f.S. @‘ 20 ft- heado
Electric, ea. L4300 HP.

INTRODUCTION

1. Purpose.of Design Memorandum. - The purpose of this design memo-

randum is to present for review the basic design criteria and compue-
tations and equipment and structure layout for the pumping station

for the Fox Point Hurricane Barrier.



2. Location, - As indicated in Design Memorandum No. 5, "General,
-the location of the pumping station is on the Providence River 900
feet upstream from the confluence of the Seekonk and Providence
Rivers. (See Plate 10-1, "General Plan",)

The pumping station was locabed as near the west bank as possi-
ble for the following reasons:

a. For proximity to the power supply from Manchester Street sub-
station.

be. To incorporate the intake cooling water canal gates with
the pumping station for economy of construction and for convenience
of operation.

3. Description. - The pumping station is located on the westerly
side of the river barrier and will contain the five pumps and two
gates controlling the operation of the cooling water canal. The
superstructure is approximately 21l feet long by 38 feet wide with
“an electrical equipment lean-to on the bayside measuring 82 feet by
171-0", The base dimensions are 91 feet by 21k feet. The structure
will be divided into four units above the base slab separated by s
1" expansion joint in order to provide for shrinkage and expansion.
The base slab will be poured as a eontinuous slab bub with construc-
tion jeints spaced gpproximately 33 feebt ¢, to c. Entrance to the
station will be from the west abutment to an access floor at elevaw
tion 9.5, which is directly over the cooling water canal conduits.
Access to the operating floor at elevation 26,0 will be by a con-
crete stairway in an open well through which equipment can also be
hoisted to the operating floor by means of the LO=ton crarne. At the
east end of the station g concrete platform 111-0" wide will be con-
structed at elevation 35,0 for the tainter gate operabtion and to
afford access to the service bridge leading to the river gate section,
Access to the platform will be by steel stairs.

b, Function and Operation. - The function and operation of the
pumping station is discussed in Design Memorandum No. 2, “Hydrology™.
The function of the pumping station will be to pump flows from the
upstream Providence River and tributaries when the river gates are
closed due to damaging storm tides. In addition, it will pump the
discharge of cooling water from the Narragansett Electric Co.,

wave overtopping, and a small quanitity of sanitary sewage flow.

Preceding a forecast hurricane tide at Providence the barrier
gates will be closed, preferably at low tide. For low or moderate
rates of local inflow the pool behind the barrier will be mainbained
as nearly as practicable at elevation 0.0 m.s.le. by the operation of
the pumps., When higher rates of inflow are anticipated, the pool
will be pumped down imitially to an elevgtion riot lower than -3.0
to obtain additional storage.



The cooling water gates will normally be open. They will be
operated during periods of river gate closure to throttle the flow
of cooling water and will be closed completely when upstream inflow
is in excess of 3,000 c.f.s.

5. Coordination With Local Authorities. - During the planning of
the pumping station, consultations were held with officiasls repre-
genbing the City of Providence., The pumping station design as
finally developed is satisfactory to the City and State,

C. PUMPING REQUIREMENTS

6., General. - Pumping requirements are presented in Design
Memorandum No. 2, "Hydrology", and are summarized herein.

7« Pumping Reguirements. = The capacity of the pumps is established
primarily with reference to peak rate of inflow related to maximum
tide levels and probability of coincidence., In addition, a small
quantity of normal sewage flow bypassed to the river during a period
of gate closure, wave overtopping at high tide stages, and cooling
water discharge at moderate river inflows will be pumped when the
river gates are closed. When upstream inflow is in excess of 3,000
Cefss., the cooling water will be obbtained from the upstream river
pool instead of the bay.

The selected capacity, 7,000 c.fe8, abt 20-foot head, is ade~
quate for all floods of record coincident with the maximum design
tide, as well as for certain more severe flood assumpbions as given
in Design Memor andum No. 2, '

b, FOUNDATIONS

8. Foundabion Conditions. - Foundation conditions and design are
discussed in Design Memorandum No. 6, "Embankments and Foundationst,
In brief, the bedrock at spproximate elevation -110 m,s.l. is over-
lain successfully by glacial till, interbedded silt, gravelly sand
and soft organic silt.

9. Treatment. - The organic silt, extending down to approximate
elevabtion ~LO m.s.l. will be excavated and replaced with sand fill.
Steel bearing piling will be driven to virtual refusal in glacial
till or rock. 4 sheet steel cuboff driven into the interbedded
silt layer will be provided.



E. CONCRETE MATERTALS

10. Concrete Materials, ~ Severgl nearby commercial sources of aggre-
gates have been tested and found scceptable. On account of the
excessive sulfate content of the river water, Type V cememt will be
used, See Design Memorandum No. 1L, "Concrete Aggregatest.

F. ARCHITECTURAL DESIGN

11l. General. - The Fox Point pumping station superstructure will be
of a contemporary design which will harmonize with other large exist-
ing structures in the area.

12, Description. - The exterior facing of the building will be of
red brick with architectural type windows. A4 flat type concrete roof
slab, overhanging the 13" thick exterior walls, was selected for
economy and for conformance with the architectural design. The slab
will be overlaid with a lightwelght concrete to obtain a slope

toward the inside drains. A 14! wide roll-up type door will be pro-
vided on the west end of the building to receive equipment and a
personnel door will be provided adjacent to the equipment door. 4
T-foot x 8~foot door will be provided at the east end for access to
the tainter gates.

G, STRUCTURAL DESIGN

13. General. - This section of the design memorandum presents the
design criteria, basic data and assumptions used in the structural
design of the pumping station. The design procedure showing loading
conditions and assumptions for the principal elements of the struc-
ture are included herein. Plabes showing the pumping station space
arrangement, typical sections illustrating steel arrangement and
stabiliby diagrams are included in the Apperndix. The Appendix also
includes the computations showing the design conditions investigated
for a typical monolith of the structure. The remaining monoliths of
the structure will be designed in a similar manner, Computabions
for minor elements are not included herein and will in general fol-
low standard procedure as set forth in the Engineering Msnusls or
standard practice.

1h. Scope. - Hurricane wave loading, stability investigations,

and the design of the roof, superstructure including steel frames
and crane brackets, floor slabs and substructure design are outlined
herein., Foundation pile design will be submitted in Design
Memorandum 10A. :



15. Design Criteria. -

8. QGeneral. - All working stresses. conform to those specified.
in the Epgineering Manual EM 11)0-1-2101, "Working Stresses for
Structural Design®, dated 6 January 1958, General loading conditions,
degign assumptions and other design c¢riteria are based on the follow-
ing applicgble parts of the Enginsering Manugl for Civil Works:
Standard Practice for Concrete (Part CXX, October 1953); Structural
Design of Pumping Stations (EM 1110-2--310k) ddted 9 June 58; and
Hydraulic Design, Waves and Wave Pressures, Part CXVI, Chepter 8.
Technical Report No. ki, titled ®Shore Protection Planning and Design®™
by the Beach Erosion Board was also used in the analysis of wave
forces,

b. Concrete. ~ The following table lists the concrete and rein-
forced concrete stresses used in the design of structures. In each
case the Civil Works Manual exposure classification A (applicabie to
gtructures subject to moderately severe weather efposure) has beeéy
used:

Flexure : Lbs. per Sq. In.
Extreme fiber stresses in compression | 1,050
Bxtreme fiber stresses .in tension.

. (plain concrete) : L . o 60

Shear - (v)

Beam - no web reinforcement 90
Beams with properly designed web reinforcement 240

Bond - {u) .Deformed bars -

Top bars 210
Exterior surface bars (exposed to sea water) 210
All others 300

Bearing - (f¢)

Load on entire area 750
Load on one-=third area or less-maximum .
permissible 1,125

Modular Ratic - (n) 10




¢, Reinforcement., -

(1) Grede and Working Stresses. - All reinforcement in the
structures, including temperature and shrinkage reinforcement, is
designed for the working stress of new billet steel; intermediate
grade, deformed bars, which is 20,000 p.s.i. in flexural tension.
The reinforcement will conform to the requirements of Federal
Specification QQ~B~Tla and to ASTM A-305-507.

(2) Spacing. = The clear distance betwsen parallel bars
will not be less than 1% times the diameter of round bars except
that in no case will the clear distance between parallel bars be
less than 1 inch, or 1% times the maximum size of the coarse aggregate.

(3) Minimum Cover for the Main Reinforcement. =

Ttem Minimum Cover (Inches)
Interior slabs 34’-1"
Interior girders and beanms Jan.
Bxposed concrete (water or atmosphere} — L¥.

Over pile caps

The concrete covering of stirrups, spacer rods and similar
reinforcement may be reduced by the diameter of such rods. '

(4) Splices. - All splices will be lapped 30 diameters to
develop by bord, the total working strength of the bars. Splices
in the main reinforcement at points of maximum moment have been
avoided in the design.

(S) Temperature and Shrinkage Reinforcement. ~ Temperature
and shrinkage reinforcement will be provided in slabs and walls
where the main reinforcement extends in only one direction. Such
reinforcement will provide for a ratio of steel arsa to concrete
area (bd) of ,002 with a minimum of 0012 in each face wp to a maxi~
mun of #6 bars at 12% cc,

d. Expansion and Construction Joints. - The base slab of the
structwre will be poured as a continuous mat 213'-10" long with con~
struction joints at approximately 33' to comtrol.shrinkage. The
structure above the base slab will be divided into L4 units separated
by expansion joints.

eo Structural Steel. « Structural steel was designed for the
working stresses of ofdinary bridge and building steel (yield point
33,000 pos.i, minimum), which conforms %o the "Specifications for
the Design, Fabrication and Erection of S8tructural Steel for Buildings®
issued by the American Institute of Steel Construwetion. Allowable




degign working stresses conform to those given in the Engineering
Manual for Civil Works for a basic stress of 20,000 lbs. per sg. in.
except for steel H piles where the working stress used was 7500
lbs. per. sq. in..

f. Increase in Normsl Working Stresses. - Normal sllowable
working stresses have been increased 33-1/3 percent where earthguake
or wind loads govern. Normal working stresses have been used for a
hydrostatic loading up to S. W. L. 20.5. Normal working stresses
have been increased 33-1/3 percent for dynamic wave loadings above
S. W, L. 20,5 where maximum wave in the train or breaking waves are
used. ‘

g. Waterstops. - Rubber or polyvinyl waterstops will be used
on the exterior edges of expansion joints exposed to the sea water
or atmosphere and where it is embedded in concrete. Copper water-
stops will be used in the masonry walls and roof slab., Steel plates
will be used for interior expansion joints following an appropriate
design. Where leakage is considered harmful, rubber or polyvinyl
waterstops will be used in both construction and contraction joints.

h. B8teel Bearing Piles and Steel Shset Pile Cubt-off, =

(1) Bearing Piles. - Steel H bearing piles will be driven
to virtual refusal in glacial till or bedrock beneath the structure
to carry the load of the structure. The pile selected is a BP 1l x
117 lbs. and a 1/8 inch allowance all around has been made for loss
of metsl due to corrosion. Using a design stress of 7500 lbs. per
5q. in. which conforms to the requirements of the Boston Building
Code, the allowable bearing capacity of the pile that will be used
in the design is 90 tons. Design capacity will be increased 25%
for construction and hurricane loads., Cathodic protection is being
investigated to determine whether the increase in the life of the
pile is economically justifiable.

(2) Sheet Pile Cut-off. - At the bayside edge of the
structure, steel sheet piling type M 113 is to be used as a seepage
cutoff. This piling will extend approximately 5 feet into the interw
baedded silt layer. No cathodic protection is contemplated.

16, Basic Data and Assumptions . =

a. Controlling Elevations. (Messlo) =

Operating floor : . 26,0
Invert of intake 21.0
Invert of discharge =150
Bottom of structural base slab w2 T o0
Raking platform 9.5



a. Controlling Elevations (m.s.l.) {cont'd)

Top of crane rail 57.2
Top of main structural roof slab 68,15
Top of low roof slab Uy ,00
Max, drawdown elev. (riverside) =340
Min. discharge level (bayside) %360
Assumed mean high tide . #3,0
Assumed mean low tide w300

b, Hurricane Wave Data, ~

Design stillwater level (S. W. L.) Elev. 20,5 Mo8.le
Significant wave height 6.5 £to~
Significant wave period So5 56C.~
Max. wave height in train : 10.27 -ft.-
Depth of water at S. W. L. (bayside) . 35.5 fto -

Subsequent to completion of computations, the oriteria on wawve forces
were revised in the following manner:

Cond., 1 Cond, II
Design S. W. L. 20.5 11k
Significant wave height 5.1 6.5
Significant wave period L8 5.5

These revisions were found to have only minor effect on the computa~-
tions and they have nolt been revised.

Ce L‘O Bds * -

(1) Dead Loads. - The following unit weights for materials
have been used:

Concrete _ "+ 150 1lbs, per cu. fi.
Steel L0 1bs. per cu. ft.

(2) Live Loads., - The following 1live loads have been used:

Water (salt) 6l1.2 1bs. per cu. ft,
Wind (Hurricane conditions) 30 1bs, per sq. ft.
Wind (Normal conditions) 20 1lbs. per sq. ft.
Design load on roof slab 30 lbs. per sq. ft.
Design load on operating floor 200 1lbs. per sq. ft.

(or equipment load)
Design load on platform at El. 35 270 lbs. per sq. fte
Design load on gate hoist platform Max, hoist load
Design load on stairways 100 1bs. per sq. £,



Design load on entrance slab floor 8 wheel trailer axle
load = 80,000#

Design load on raking plabtforms 250 lbs. per sq. £t

Design logd on bayside platforms 250 1bs. per sq. fb.

Crane capacity 40 tons

Max. crane wheel load 63 kips

Crene max. lateral wheel load 2250 1bs.

Equipment as furnished by
manuf acturer

d. Bxternal Water Pressure. - Hydrogtatic wabter pressure has
been assumed acting over the entire area of the base. Sheet piling
has been neglected as far as its effect on uplift, except that it has
been considered as eliminabing clapotis, breaking wave or broken wave
uplift pressures for the elements of the waves above stillwater level.
The wvertical height of water acting on the ocean side has been taken
as the weight of the depth of water to the significant wave crest.
Lateral pressures from wave loadings are discussed under paragraph J
below.

@, Rarth Pressurs., - Lateral earth pressure against the struc-
ture %s not a factor.

f. Earthquake Forces. = A review of the earthquake history of
New England reveals that shocks with an estimated intensity of VIII
or greabter on the Rossi-Forel scale have been felt in Canada and
New York and also along the Eastern seaboard, The Providence Area
felt some of the effects of these shocks with reduced intensity, but
otherwise has been free from serious earthquakes. Using the accelera-
tion values which correspond to the Rossi-Forel ratings, as given in
Engineering for Dams, Volume II, by Hinds, Creager and Justin, page
280, it is deduced that the area around Providence has never experi-
enced a shock equal to 0.05g. This conclusion is believed to be con-
servative, especially for reinforced concrete structures which are
well adapted to resist earthgquake shocks. The value of 0,05g has,
therefore, been used in the stability analysis under normal conditions
of " loading. Earthquake loading has been neglected when considering
hurricane loading conditions.

ge lce Pressure, = In view of historical temperature records
of the water of the Providence River, and recognizing the large quan-
tities of hot waber discharged into the area by the Narragansett
Electric. Co., there is no justification for considering ice pressuras.
Bven if ice pressure could be exerted on the structures, the location
of the point of application is such that it will have only minor
effect on the structures in the river. Ice pressure has, consequently,
been disregarded in ths design.



h, Wind Pressure. - A wind pressure of 30 pounds per wmquare foot
has been used for exposed portions of the structure that can be sub-
ject to hurricane winds. A wind pressure of 20 pounds per square foob
has been used for construction and normal conditions when investigab-
ing stability.

i. Frost Protection. - The base of the pumping station is not
subject to frost action and it has been disregarded.

je Wave Pressures. - The pumping station will be subjected to
the following two conditions of wave loading.

(1) The structure will be subjected to and has been analyzed
for a 10,27 ft., bresking wave with crest elevation 25.63 because of
the projecting platform on the ocean side. Wave forces were compubted
by the Minikin Method.

(2) The structure has also been andlyzed for a 10.27 ft.
wave (max. wave in train) which produces a crest height of elevation
33.32 on the structure. Wave forces were computed by the Sainflow
Method..

ke Location of Resultant. ~ Because of the massiveness and
width of the structure recessitated by other requiremsnts, the
resultant for &ll conditions of loadings will fgll within the middle
third of the base. E

1, PFactor of Sagfety for Resistance to Sliding, - The unbelanced
horizontal forces contributing to sliding will be resisted by batter
piles. A factor of safety of abt least two will be maintained.

17. Design of Pumping Station. =~

a. Roof BSlab, =

(1) Main Roof Slabs. = The main roof slab will be a 5" rein-
forced concrete slab with a lightweight concrete fill sloped to pro-
vide drainage. The structural concrete slab will be supported on
steel purlins spanning in the longitudingl direction of the structure
and supported on steel bents spaced approximately 16-6" ¢, to c.
Diagonal rod bracing will be provided in the end bays of each section
primarily to stiffen the steel frame work during congtruction.

(2) The roof slab over the electrical equipment room will
be a 6M.5lab supported on the outside wall and keyed into the main
building wall.

10



b, Steel Bents in the Superstructure. - Steel bents will be pPro~
vided at approximately 16'-6" maximum spacing, and will provide the
wind bracing for the superstructure as well as support the crane beams.
The bents were assumed pinned at the base and were analyzed for all
possible conditions of dead load, live load and crane loads. A built-
up section will be used for the column using a 21" web and 11" flanges
for the lower portion and a 13" web with 11" flanges for the upper
portion. The horizontal roof member will be a 21" WF 73 1b, .beanm..

¢, Braecing, Girts and Lintels. -~ Diagonal bracing will be incor-
porated into the end panels of the sidewalls., It will only be 2 panels
in height starting approximately 5 feet below the crane level and
exterding upward to the roof. No bracing is contemplated for the end
walls nor is bracing required for the sidewall of the lean~to. Three
levels of girts will be required to stiffen the masonry sidewalls and
end walls and where lintels are required to support the masonry above
openings they will,in general, be framed into the columns.

d. Operating Room Floor. - The operating floor supporting the
pumps has been designed as a L~foot thick slab taking the full load
of the pumps including the 200 kip thrust per pump. This load has
been proportioned to cantilever supports on three sides and to the
slab spanning the discharge chamber on the fourth side based -on their
relative stiffness, The concentrated load from the bent leg as well
as the masonry wall load has likewise been designed to be carried by
the L~foot thick slab spanning the discharge chamber. A circular
boxout will be left in the floor slab to permit accurate installation
of the pumps. The pump load will be transferred into the supporting
slab by a shear key,

e. Tainter Gate Operating Platform. - The platform at the east
end of the stabtion that supports the tainter gate operating controls
and serves as a roof over a storage room is a flat slab with a clear
span of 10'~L", It will be supported on a 8" reinforced concrete
wall and framed into the exterior walls. The design load is 270 lbs,.
per sq. ft. and the required slab is 8 inches thick. This live load
will permit the use of a 5-ton fork 1lift truck. The steel stairwsy
providing asccess to the platform will be designed for a 100 lbs. per
g8qe. ft. live load,

f. Gate Stand Platform. - The two gates for the cooling water
canal sre operated from a platform recessed J'-0% below the operating
floor. Each gate will have a double stem and.single gate stand with
a maximum thrust on the supporting floor of 25 kips for each stem.

In order to carry this load steel framing has been provided to trans-
mit the load to the exterior wall on one side and a concrebe beam on
the interior side having a span of 13'=0%,

11



g. Access Floor Elevation 9.,5. - This floor will be designed
for a traller with 8§ wheels on two rear axles, with a total rear
wheel load of 80,000 1lbs. This loading was chosen because of the
35~ton weight of the maximum piece of equipment which will have to be
placed on a trailer in this area. The floor slab has a maximum span
of 13'-0" and will be designed continuously with the walls and base
slab below.

h.. St abilitz o -

(1) Loading Conditions., ~ A typical 66-foot monolith of the
pumping station has been investigated for the following conditions of
loading. Other monoliths will vary slightly but will be loaded in a
gimilar manner.

Cagse I.- Construction perioed, cofferdam in place, no
hydrostatic loading, no wind loads, dead load of structure and
equipment.,

Case Il. - Hurricane and maximum high water condition
from mgximum breaking waves on the structure with stillwater level
at elevation 20.5 feet. Dead load of structure and equipment, down-
ward thrust of pumps, discharge chamber full of water, intake chamber
with water to elevation -3.0, water on bgyside deck to elevation
23,75, full hydrostatic loading laterally as determined from the
Miniken Method, uplift over base varying from maximum stillwater
level to elevation -3.0 at the riverside, wind on the exposed face
using 30 lbs, per sg. £,

Cage III. - Hurricane and high water condition with
stillwater at elevation 20.5 using a maximum wave with crest of
¢lapotis at elevation 33.32. Tailwater on riverside assumed at
elevation +3,0, full hydrostatic pressure on the base warying: from
stillwater level on the bayside to tailwater level on riverside,

Dead load of structure and equipment plus downward thrust of pumps.
Wabter in the pump chambers and on the bayside deck to crest of sige
nificant wave (elevation 23.75). Full lateral pressures as determined
by the Sainflow Method. '

Case IV, - Same as Case IIT except tallwater elevation
changed to elevabtion =3.0,

, Case V., = Normal condition with water on both sides at
elevation 0,0 and pumps not in operation. Full dead load of struc-
ture and equipment and wind load on the riverside of 20 Ibs. per sQ.
ft. Uplift across the bottom uniform for head to elevation 0,00,

Case Vg, - Same as Case V but without wind and with
earthquake forces appllied from the riverside.

12



Case Vb, =~ Same as Case V but without wind and with earth-
quake forces applied from the bayside.

(2) Critical Conditions. - Stability investigations show that
Case IT will give the maximum pile loading on the riverside. Case I
was found to give the maximum pile loading on the bayside.

i. Design of Substructure (Typical Monolith). - The substructure
has been analyzed as a series of longitudinal sections. A uniform
distribution of loading across the bottom of the base has been used
until such time as type and spacing of piles are determined. If
final pile design results in a wide spacing of piles these sections
will be reinvestigated using the pile loads as concentrations,
Longitudinal walls will be designed as continuous members across the
Yransverse walls., Hurricane loading will be applied where applica-
ble. The following three sections whose computations are included
in the Appendix, represent the critical conditions and method applied.

(1) Section at Bayside Edge. - Section was analyzed as a
conbinuous frame for conditions of loading previously set forth in
Cases I, III, V and Va., Case I3 loading was also investigated using
Case I loading plus a 250 lbs. per sq. £. live load on the deck.
Case I was found to be critical in the design of the base slab.

Case Ia was critical for the design of the roof deck, and Case III
was critical for the wall design,

(2) Section Through Interior of Station Adjacent to the
Pump. - The upper portion of this section was analyzed as a continue-
ous frame with the vertical side walls considered fixed at the mas-
give section between elevations 0,00 and -13.75., The lower portion
was analyzed in a similar manner with the walls fixed at this same
mass of conerete. Case I and III loadings were applied to the upper
section and CGase I, IT, IIT, IV and V loadings were gpplied to the
lower section., Case I was found cyitical in the design of the base
slab and I and III were found critical in the design of the upper
section walls,

(3) Section at the Riverside End. - This section was
analyzed as a continuous frame for Case I, IT, V and Vb loadings.
Case Ia was also investigated using Case I loading plus a live load
on the deck of 250 lbs. per sq. ft. OCase II was found %o be criti-
cal in the design of the base slab and Case Ia was critical for the
roof deck while Case Vb gave the critical loading for the wall designe.

Both the projecting portions on the bayside and riverside
have been investigated for cantilever action about the main structure,
resulting from unbalanced vertical load over these projections.
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FOX POINT HURRICANE BARRIER
Providence, Rhode Island

Design Memorandum No, 10

APPENDIX A

Foundation Pile Desian

Pages A 129 «~ A 131 inclusive are added to the structural
computations,

The following subparagraph m. is added at the end of paragraph
17. '

m. Pile Foundations., ~ Pile loading has been investigated
using an Elastic Center Method for Cases I, II and V which are
considered the critical conditions., Under Case II loading the maximum
pile loading was found to be 233.5 kips occurring at the riverside
edge in the piles batiered in the upstream direction. Under Case V,
the normal condition the maximum pile loading is 178 kips occurring at
the bayside edge in the piles battered downstrean.



jo End Monoliths, -~ The end sections of the pumping station
will be analyzed for stability and designed in a similar mamer as
set forth in the typical 66-0" monolith,

ke Trash Racks. -« The trash racks on the riverside will be con-
structed of steel shapes and flabt bars spaced 10" c. o c. The
design will be based on a 5-foot differentisl head which is consid-
ered conservative.

1. Stop Gates. - A& single stop gate will be provided to permit
dewatering of the intake chamber in order to permit inspection of
the pump impeller. The gate has been designed as spanning the 25~
foot width for a head of water to elevation 45,0 m.s.l. The gate
will be made up of L identical sections 6'-8" high composed of a
9/16" skin plate on ST 15 WF Sh# horizontal members framed into 15"
WF 5L# end post. Rubber or polyvinyl seals will be provided on the
gides and bottom. Total weight of the gate will be approximately
7.5 tons. Allowable design stress for steel was held to 24,000
lbs. per sq. in. The same gate could be used to permit dewatering
of the discharge chamber.

H, MECHANICAL DESIGN

18. General. - Plates No. 10~11 and No. 1012 indicate proposed
pump curves and Plates No, 10«13 ard No. 10-1l show the general
arrangement of the pump and miscellaneous mechanical equipment.

19. Pumping Equipment. -~ The pumping equipment will consist of

five (5) vertical propeller pumps driven by vertical electric motors.
Each pump will have a capacity of 1400 ¢.f.s. ab pool to pool head
of 20 feet. Hach pump will be of the vertical flared-tube design
discharging into a large rectangular concrete chamber and conduit,.
Several studies were made of various types of suction chambers and
discharge tubes using various numbers of units. The design selected
is the most economical arrangement as it eliminates the expensive
construction involved in the forming and fabrication of the irreguw-
larly curved elliptical surfaces, in both steel and concrete,
necessary in the elbow discharge design for pumps of this capacity.
Although using six or more units would result in slightly less cost
for the equipment due to its smaller size and higher rotative
speeds, the added size of stabion required to house the units would
increase the total cost to more than that for the S-unit station.
Using four or less units would result in no savings, and since no
standby pumping capacity is being provided, the loss of 25% of the
total pumping capacity, if one pump is inoperable, is congidered

too great.




Since pumping will start when the water level in the Bay is the
same or even slightly lower than in the suction pool, the top of the
opening of the discharge conduit will be at elevabtion +10.0 m.s.l.
so that the siphon will not be established until the water in the Bay
reaches this elevation. This eliminates the possibility of operat-
ing at any stabic head of less than 7 feet, even at maximum suction
pool elevation of +3.,0 mes.l. The maximum operating capacity of each
pump is, therefore, established by the pump curve at this 7-foot
gtatic head. This permits use of smaller diameter, higher RPM, pump
and smaller suctlon chamber than would be required to avoild cavitation
at the increased cgpacity that would result if operated at zero
static head, unless some means of throttling the discharge were pro-
vided. Any gate for throbtling the discharge would add considerably
to the initial cost and increase operating and maintenance problems
and expense, Preliminary designs by several pump manufacturers indie
cate that the propeller diameter will be 120 inches, operating at a
speed of 150 RPM, However, the design and arrangement of the station
permits larger diameter propeller and lower speed pumps, if actual
model tests by the successful bidders indicate that such is necessary,
without overall size or structural changes to the station.

The top of the vertical flared tube will be at elevation 17.5,
m.8+1l. Although this is 3 feet below the design tide elevabtion of
2005 m.Se.1le, back flow will occur only through idle pumps and will
only require placing an additional pump in operation for the period
of two to three hours during which the tide may remain gbove eleva-
tion 17.5 m.8.1l. Since tides gbove 17.5, m.s.l. are expected to be
extremely infrequent, the cost of operating an additioneal pump for
the short duration required is nob sufficient to justify additional
cost of raising top of the discharge tube to 20,5 or providing shut-
off gates,

The pump casing, suction head, defuser section, and discharge
column will be congtructed of steel, coated and provided with
cathodic protection., The propeller will be a casting of a non-
corrosive nickel-iron alloy. Shaft will be forged steel with monel
metal sleeve below elevabion 45,0 and through the stuffing box.
Propeller nut and pump bearing, if grease lubricated and constructed
of metal, will be sealed from the water with packing and monel covers,
Cathodic protection and additional corrosion resistant features are
covered in SECTION J. Invesbtigations are continuing relative to the
bearing construction, including the possible use of a synthetic rub-
ber bearing lubricated by the waber being pumped., The thrust bear-
ing will be located on the motor, will be omlucooled with integral
ailr coolers on each unit.



Plate No. 10-1] indicates typical horsepower, efficiency, and
head=-capacity curves for the proposed pumps at maximum, minimum,
and average suction pool elevations., Plate No., 10-12 indicates
typical curves of the cumulative capacity of the units at elevation
+3,0, MeSsley suction pool. Due to the extremely small number of
hours of expected operation, there will be no evaluation of effi-
ciency in the purchasing of the units.

20, Traveling Crane. - A hO-ton traveling crane with electric
operated bridge, trolley, and hoist will be installed for handling
the equipment during construction and for maintenance. The crane
capacity is based on handling the heaviest piece of equipment that
may have to be replaced during the life of the station.

2l. Dewabering Pump. -~ A vertical, centrifugel type pump will be
ingtalled in a dry sump and connected through a header to each suce
tion chamber. The line to each suction chamber will be valved in
the dry sump to permit dewatering each suction chamber separately.
The valves will be of the butterfly type, rubber lined for protec=-
tion against s&lt water corrosion. The valve will be connected to
a nickel~-iron wall flange and the embedded pipe betwsen the wall
flange and the suction chamber will be cement asbestos. A city
water connection will be made to the suction side of the pump to
permit flushing the salt water out of the pump, leaving it full of
fresh water when not in use, The pump will have a capsacity of
approximately LOO gpm, sufficient to dewater a single chamber in
L hours. Stop gates for only one suction chamber will be provided
which may be used also for dewatering the discharge chamber.

22, Heagting and Ventilabing. - Suspended type, gas fired unit
heaters will be instglled to provide heat for the station and to
prevent excessive condensation on the walls and the equipment.
Heaters will have sufficient capacity to maintain the station at
50° F during the coldest weather. Gas will be supplied from city
mains, Ventilation will be provided as required for the trang-
former rooms and the batiery room.

23+ Cooling Water Intake Gates. - Two vertical lift sluice gates
each ten (10) feel wide by fifteen (15) feet high, with twin stem
screw hoist electric motor operated will be provided to control the
flow of water from the Bay to the cool:.ng water canal of the
Narragansett Electric Co,

The gates will be open the major part of the time and will be
operated only when the river gabtes are closed. Operation will be
carried out by throttling the opening to maintain required cocling
wabter flow as nearly as practicable., The gates will be closed con~
pletely when upstream inflow is in excess of 3,000 c.f.s.
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Since the gates will be submerged for only short periocds of
time, special protection against corrosion due to salt water is not
necessary. The gabes are to be welded steel construction, with
synthetic rubber seals on the Bay side of the gates. The gates
will be provided with eight (8) wheels, four on each side to reduce
the friction load on the hoists.

The gate frames and guides which will be submerged in sea
water will be made of corrosion-resisting, nickel-iron castings.
The wheel rails will alsc be made of nickel~iron castings machine
finished and set intoc the gate frame castings. The surface of the
rails on which the wheels will roll will be heat treated to a
Brinell of 225. Seal strips will be monel.

Twin serew hoists, which will be provided for each gate, will
consist of two (2) bevel gear screw hoist floor stands coupled to
a geared electric motor drive unit mownted on a pedestal midway
between the gate stems. The controls will include torque limit
switches, handwheel for manual operation, pushbuttons at the motor
and a remote control station which will be located to suit operat-
ing requirements.

I. ELECTRICAL

2, Power Supply. = Power supply for the pumping plant and acces-
sory structures will be obtained at 11 kv from the Narragansett
Electric Co. The source of supply is their Franklin Square sub-
sbation located approximately 2500 feet from the pumping plant.
The substation is fed by nearby Manchester Street generating plant
(capacity 150 MVA) and is intercomnected by the two 110 kv trans-
mission lines with New England Electric System and Narrsgansett
Electric Co. South Street generating plant (capacity of this inter-
connection is 120 MVA), The power supply will be extended to the
pumping plant underground in concrete encased ducts and will con-
sist of two, independent, 100% rated cireuits {See Plate 10-1).
Each supply circuit will be fed through a breaker from a separate
bus section in the supply subsbabion. The bus sections are thor-
oughly isolabed from each other by masonry partitions,

25, Selection of Utilization Voltage. ~ A cost comparison was
made to determine the most economical voltage for operation of the
main pumps (see Appendix C). It was found that LOOO volt motors
and equipment will cost the least.

Utilization of the 11 kv supply voltage is more expensive
because 11 kv mobors alone cost more than the combined cost of
i kv motors and transformers.
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Utilizing a voltage lower than li kv will be more expensive
because of increased conductor sizes and because of the additional
cost of reactors necessary to reduce the available short cireuit
of 195 MVA to the 150 MVA maximum rating of standard breakers at
2300 volts or below.

26. Selection of Motor Type., - Either synchronous motors or induc-
tion motors could be used to drive the main pumps. Synchronous
motors wers selected because of economic considerations. Appendix C
includes a cost comparison which shows that synchronous motors
(including excitation system and main power transformers) will cost
$49,000 less per motor than squirrel cage motors (ineluding power
transformers).

27« Main Power Transformers. = At the pumping plant, each of the
supply circuits will feed 11 kv = U4.16 kv main power transfdrmer,
rated (with overload capability) to carry the full plant load.
Bach main power transformer will feed a section of L kv metal-clad
switchgear. . A normally~open bus~tie bresker will be installed
between the two bus sections. (See Plate 10-16.)

28. Main Pump Motors. = BEach of the main pump motors will be served
from a L kv bus section through an air circuit breaker and will be
started at full voltage. The interrupting duty abt the L kv switch-
gear will be 194.8 MVA, and all breakers will be rated for that
duty. The excitation for the synchronous motors will be supplied
from two common D. C. buses, separated by a normally-open bus-tie
breaker and fed by two induction motor - d. ¢. generator sets.
Each motor-generator set will be rated to provide the excitation
requirements of the entire plant.

29. Station Service System. - The station service system will be -
supplied from two 11 kv -~ L8O volt transformer load centers conw- .
nected zhead of each of the main power transformers. (This arrange-
ment will allow normal maintenance of the plant with the main power
transformers de~energized.) Bach stabtion service transformer will
be rated to carry the entire station service loads The two L80-~volt
load center bus sections will be connected through a normally-open
bus~tie breaker. The interrupting duty at each load center will be
10,755 amperes. Therefore, 15,000 ampere interrupting capacity
moulded case breakers will be used. All station service loads, the
river gate structwre and the cooling water intake gates will be

fed from the service station systenm,
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J. CORROSTON PROTECTION

30, Existing Conditions. - The Fox Point Hwricane Protection Project
is located on the upper end of Narragansett Bay, a tidal salt water
site. The Moshassuck and Woonasquatucket Rivers that flow into the
Narragansett Bay have for many years been badly contaminated with
sanitary and industrial wastes and dve to the river contamination,
there is no marine growth in the locabion of this project. Howeven,
the State of Rhode Island is presently engaged in a project to elimi-
nate wastes from these rivers. Whether the rivers will ever be
c¢leaned up to the point that marine growth will again be a problem

is conjectural. This eventuality has been recognized and taken into
consideration in the design.

3l. General Considerabions. - In order to avoid the corrosive effects
of salt water the project is being designed so that insofar as possi-
ble all exposed metal is located above the normsal high tide water
level, Large metal surfaces which must, of necessity, be urderwater,
will be protected by impressed current cathodic protection systems

and small submerged areas of metgls will be fabricated from materials
highly resistant to attack by contaminated and salt water.

324 Trash Racks, = The trash racks will be constructed of mild
gteel, painted with L coabs of vinyl paint and protected with an
impressed current cathodic protection system. Anodes will be Duriron
set in recesses in the wall on each gide of the trash racks on the
pumping station side of the racks. A rectifier will be installed for
each trash rack having a capacity of 5 m.a. per square foot of trash
rack exposed metal area. Provision will be made so that W“OFF" voltw
age may be read bebween the anode and cathode. The rectifier output
will be adjusted to maintain this "OFF" voltage to a minimum of .2
volts and a maximum of .l volts., Trash racks will bear against a
finished concrete surface with the corner rounded off,

33+ Stop Gate Guides. - Stop gate guides will be provided with a
Monsl angle for the bearing surface to aid in providing a good seadl.

3L, Pumps, - The fabrication of the pumps presents the most diffi-
cult problem of any of the submerged metsls and some details have
not as yet been fully resolved., For instance, as regards the lower
guide bearing which will be submerged all of the time,one pump
manuf acturer has suggested making the bearing out of neoprene;
another has expressed a preference for a Babbitt metal., However,
the general parameters of the corrosion resistant features of pumps
are well resolved. ‘ :
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The exbterior of the pump casing, which will be fabricated of mild
steel, will be embedded up to elevation 0.,0. Above this point the
exterior of the casing will be given a standard four-coat vinyl paint
treatment in accord with the usual V-101-V=-102 paint system. No
cathodic protection will be applied to the exterior of the pump cas~
ing because experience has shown that any steel twoo feet or more
sbove the low tide line can be kept in good condition by painting.
Workmen can stand on the floor of the concrete discharge chamber and
touch up any holidays in the paint.

The interior of the pump casing, gulde vanes, impeller, shaft
and other metals on the interior of the pumps will be protected with
an impressed current cathodic protection system. Flush type ancdes
utilizing platinum or palladium for the anode material will be
fagstened to the interior of the pumps'casings and connected to the
rectifiers through conduits embedded in the concrete on the exterior
of the pumps. Two anodes will be located on opposite sides of the
pump below the impeller and below the guide vanes, if possible. Two
other anodes will be located above the impeller and above the
straightening vanes, if possible. One rectifier will be furnlished
for each pump designed to have a cgpacity of 5 m.a. per square foot
of protected metal area. Output will be checked monthly and adjusted
as necessary using the same method outlined under "Trash Racks" above,
A1l mebal on the interior of the pump except for the impeller would
be painted with a four-coat vinyl system as outlined above.

Impellers will be cast from a nickel-iron designed to be resist-
ant to salt water corrosion. The impellers will nob need a paint
coabing for protection from salt water corrosion but it is proposed
to paint them with a coal=tar enamel primer to reduce the amount of
cathodic protection current which will be absorbed by the impeller.

It is redlized that, during pumping operations, ab the parts of the
impelier under high velocity attack, some paint will be removed, _
However, these areas left bare will not apprecisbly affect the cathodic
protection system.

The bearings will either be neoprene or of a metal more noble
than steel so no trouble will result from local electrolytic action.
The noble metal will be extended sufficiently far out of any recesses
to gllow the cathodic protection system to suppress any attack on the
gsteel adjacent to the bearing.

Ground straps will be firmly attached to the pump motor when the

pump is at rest to furnish a path for the cathodic protection current
to leave the shaft without passing through the thrust bearing.
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If marine growbth ever becomes an environmental problem, the pumps
are the only items thal could be adversely affected by the growth,
Stop gate slots are provided on both sides of the pumps so that each
pump chamber may be dewatered and an inspection made of the pump
periodically; marine growth can be cleaned off from the interiors of
the pumps at these times.

35 Cooling Water Intske Gates. - The gates on the intake of the cool-
ing water canal to the Narragansett Electric Co. will be stored in the
open position the majority of the time which is above the high tide
level. The gate frame, gate guide extensions, and rails will be fabri-
cated from corrosion-resisting, nickel-iron casbings. Gate seals will
be Monel.

K. CONSTRUCTION SEQUENCE

36, Construction Sequence, - A continuing contract for construction
of the Fox Point Hurricane Barrier will be awarded in the Fall of
1960, subject to the appropriation of construction funds. Construc-
tion of the pumping station structure will be a part of this contract.
A separate continuing contract will be awarded at the same time for
punping equipment, with early preparation of outlines and dimensions
of pumps and hydraulic passages specified.

The cooling water canal will be constructed initially, with a
temporary sheet pile wall through the Barrier construction area
adjacent to and west of the pumping station.

After the foundation work has been completed, including driving
of bearing and cutoff piling, and the area dewatered, the pumping
station swstructure will be constructed.

At completion of this stage the cofferdam may be removed and
the pumps installed at any time behind the stop logs. The cooling
water flow will be diverted through the cooling water passage of the
pumping station.

The superstructure will be subsequently constructed and instal-;
lation of equipment completed. :

Construction is scheduled to be completed in three construction
geasons,
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Lards ?aa/e %Jma}”(/mm/c Forces.
o 5/ &/
B = e
V . (/Maf¢ ) 1//' 0.72,/95.5 - ) s

ARMY-NED-BOSTON
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- HEW ENGLAND DIVISION

27 Sept 49 — 5 CORPS OF ENGINEERS, U.S. ARMY m,{_ég_
suBJECT fox Fa..r ,”‘“wua oA ~ fege'en” /%m::/ 4
COMPUTATION By J/c? Bihtes .4/‘)0 //.;/J/.‘_Y
comeuten oY S A {‘( CHEGKED 8Y _ CFH DATE
lase Va cond
Kaps Ktes Kap- feet
D@_s'cr//o, Lo L/ar//cc/ f‘?lo/'f /2 ?JG/ //t‘"”«ﬁfi 2’
¥ = v e | T
Mona{t“') oL Q Eguila.- 2‘4440 JO-D /:4?24 ?3/
VA , 37 75 28-
Wy, 49. 2.48: /4e -
Ws 2,042 /3.5 27 56/
W &S| 40.° 2G,o0%¢.
Ws- ) '68 446 TJSQL'
Wo | 8% 4285 28m2 008> 408 - 51.1- 21,110
Wy | 0l k1s0x Vo x285%2004. > 385- 1.5 26,020 -
Wg | 18.2x 182 x50 1,42 VL o52-, f 8.1 8%, 1240
U/o/&// i
U %1926 x oL 1,568 45.5. 526 324
A, |172¢ x30 x N %Gt 107 10, 1520
Pul | 1frcx et oG 1907 A /7070 .
' z‘qm/é?qaaz(a : _
E\ : ZECU LT A 1,381
Ey Z PSS 7408 3,801
Es : 33,75 g3 1, 199~
g, | ; 3Lt - a0 93,436
Ew, |2042 % 0.°° ezt 18 1,832
Fw, 51 x 00% L 35 qeS. 314 -
EWg 8 x0.9% 84y 208 15 -
€, 468 %008 i » c 205 285 58] .
Ew, 385 % 0.°% f : BRI EETS 424
Ewgy L oS%x e.°% i : | 52.% 1§8.5- (026
T . i § ; Pased e 2,112
. . i | e — -
l 23,212 - 115¢8 (90T %;3,554 $45 3941\, 411,065
i : ‘ ‘ |
7,44 LG4t a5,
]
IM . 95 G- . 52,8 Ao r Qo
VT 144, @x 52,7 -453: b+ tewsacd
; _
043 s \‘aab\Sic\CL
SH ., LedT | 07106l w4
zv v “"l“"k .

ARMY-NED-BOSTON
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NEW ENGLAND DIVISION

PAOEM_

CORPS OF ENGINEERS, U.S. ARMY
susJECT _/:;,t’ /a/n F Pumb Statian
. COMPUTATION Stk /’#{ Ana /u 515
CONPUTED BY LA K eu:oueo oY (& FH DATE
6'056 _?0 (C"o/?/‘.) .
Kfera
Bearing « 11,644 /|2 (@(u““\) , 338 (| L. asﬁ\ . 4 29q. KFf
Llox 9] 59 lFf"

¥
_Au_a K/” Qayside
1,54 e Riversice

_Co':‘:c. b

sides and Pumrs not in okeration.
Fall dead ‘loao
Eaﬁhauaka fr-om ba.f{mde.

Normal cend?ion with water at slevatisn

'I'%’O

UPPF{' umgawm acroiy the ketom

- _'......‘ PR .

DGSGT’;':‘-':".‘.‘ i \,"GI'*'?GQ'\ ‘rlﬁov\ri-.'e:«"za.
No. Factoer b t ) L=
¥onalith Db & E'?‘ult'a- 24420°
Water
\p(i.e A.192-
Lt {1,568
Ry, 1907
Py 1901 .
E'ﬂr'i‘h%uctk@ ‘
€-4 p28l- |
Ewa_a 2%56-4
i 181,
Ve ; |
1
|
29.212 | \ 568 3554 1 Lol
(7,44 ! LAl
S.M 852.]3'1'1 : _48.3\

WV hwas

chrmo\?csf.urca 17,644 (‘u wn2®): 2%50" J85) o

Mon.“.i

el '!'.; ‘J"‘I’\.

Mannt
AT“M B ﬁ . h JE——
50.° L 220, 93] .
194,417
526,324
13010 -
13,040
30,423
. 4.052-
LoZ,ne.
!
. 582,041\, 434 418
352,371=

@._._ 4-83’ - 455> 28‘ Toward
%aq

3.1:_. Ba‘ism\ﬁ
_Z..._. Riverside

side



NED FORM 223 NEW ENGLAND DiVISION

27 Sept 49 PAGE A-Zé

COR qF ENGINEERS, U.S. ARMY
SUBJECT Fox ‘Po:n P!V/O "ntsa. oy - oo anm ‘H’b
COMPUTATION mm&_mw&_@d :
COMPUTED BY it GHEGKED BY GFH /R.A-K.  oare & ‘Qﬁ"j
Case T ~Canetruchon ¥ermad
! L Ef14P
iﬁ y
1 Sechion
] 120" wide
140

PR TR Rendatisi
Base Fres = 5 E:KSF Aasume_, ]ode. lo2ds d\:ﬁﬂbu%cd Ui Formly over

oase..

I qe 314 .‘2. & Ke 12<{C/ 828 =
b%‘ 5‘85)2 128 Kr 124128/ 828+ ..
!

bc 3516 Kelexc/ 3 %
ef BxiNz 23 Kezasfa (2D
5, &

de Ke :zwez»/ N rx
St *cenass
dé = B9/ 5!9"‘ Gc O_LEL_E aO ¥ 0051

ba + G2/52+ 473+ 6% = o bf 680 bes ofe-
e = 139f1'29+ 473 +129 ¢ ¢, 42 -fb GG - .?3;0.42
@ + 59'59+loco+ 129 = @01
ed » lodo/ 11349 < 0,88
et « 129/ 1340 » 0.1l
¢
M"b = 4x0150% 3.0* /12 = 480"
3.48

T ES'A’B (0150}{320)]!3,!02./2.' AN
Wher ot aaar 467 Sepsen



NED FQRM 223 _ - NEW ENGLAND DIVISION

27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY mee A2 _
susect _ o X Tamnt pump S-!' ation - G- Mnnn““} :
GOMPUTATION S - | ¢

COMPUTED BY (e F H oneckeo oy R A Y. DATE

Cose I (cont)

8.] 10.5
""f.zu lr?-
V 3 4.3 .
+M 2LT
. ___M ':3, —lb- 60.
o - o'l ol ©
-2 o O o
- . 0l o o
o -T12F o WL
- 24- o o] o©-
, 48 -48 NS A48
5400“‘1“’0 =i -3 8T
N (o ";{. 49 8¢
T ‘ ‘ | . o 16
dl 88} 42 ) 42 i
. S8 - SEN 279 279" -2719"
241 | 3| 3o o | o o .
- 120 |-\1 o 15| ©o|-15-
A -] 15 ol ol o
- 58 o - o. 8 o -8
510l ol 7 ol ol o,
235 |-81-227" 302 -302°
' 162 -
S 54 . . . 54
2 .
K2 ) 56

H

FMae= (13.50% 81xk) =230 = §4.7-23.0= 3T

389-227 = 162"

+Mer = (1495 ¥ 52.0%%) -227



NED FORM 223 NEW ENGLAND DIVISION

27 Sept 49 CORPS OF ENGINEERS, 'U.S. ARMY ) moe AT
supseor _ oY 17 m b puw);o Statiin - Gete” Manaith

GOMPUTATION __Su_h_ﬁitﬂﬁf_dr_‘@ - Sectiow at PBa.C}f side, Edge

COMPUTED BY - FH ‘GHECKED BY RA-~- : vate 16 Lec, 59

Case Ta- Same as Case T, but with 250 psf hive lead

en roof.
FEMp, = T\i" X 0.250X Blet =z 20,0 K

Distribotian \5. Fer hve load ohh{

3,4 4.4
-0,5 0.5
N, 2.9 . 2.9
+M 13
-M HoX =25
& o 610
¢ ~5 | o | &
-5 e S‘ o
i) - - .
Q 00024;5? zﬁe .\b-za c
; T LY
a 88 i . 42 |42 2
CSEN o ol N &
Sl o | & Gl oo
ol=51 o ol o e
41 ¢ ol ol ©
41-51 1 -M
Qo +M
o . 0. v

+=Map = Q?’-'Cﬂ*s-‘”%)" l'o = 23d-10 = 13-‘ 

. |
Add abeve moments ~« shears te Case I For
Final mem, + ahcars.
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27 Sept 49 , CORPS OF ENGINEERS, U.S. ARMY el 73
susseeT _ o aunt querL—a S+atiory - E& -0 Monoﬂ“&

COMPUTATION @&M&r@mﬂﬁ_&_—_
COMPUTED BY (SFH CRECKED BY KA - DATE J:LD&QA_S_Q_ '

Case L © Hourricane , crest of significant wave Yo el 2315
maximin wave clapstis @ el 33,32,

Basc Pr. (assumed um Foemly disteiovied) = 2.98 rsf
Uplift : = 3.05 wWSF
W&I} '\ . ' - .
S 2 L2owsF Mge= (0‘4'4?(4'2_.&)(3‘1:%3)(32.51\-,‘:,_ = #1130
2-0__11__ (o.94* (5-;.3)(22.6 X si.sx‘/bg) -+ 413
' (o.11)(4-0.8) (1374 4 3251 %2) - 37
(0112} 5°0.5) (0,93 % 32.5 % /) . - o.l
25.6 = +156.5%
naixsr Mg r(0ad)(e7 52,6 (3033 52,5 ) s+ 1160
— (6.44)(18-9.4 +2.7)(226 X 3.5 % Vs =+ 18T
558 N\ 2,50 KsF (o0) (G145 0.0)(13.74 X 3154 V). - - 29.7-
S (e} (10-17 ¥ o) (6713% 22.5 % V3o N
e. . Y . 154,95
. 7.85 . L a . .
Valsimple) = (129 2’5.0)(}_3%%')4-(1;_3{!‘250)( 13.83)=24.22" |,

N -3 T oElve .
25 /\ 2 (128 rSex T (i Bhasonsdl) = 210X

1,29 KSF P - (q.“’sx.oM‘l.)-(o.xs'xA}.o)
: 1,29 = 0626060 2. |,29~ |.2>. =

Deck: Net Pr =

.oé KSF UP.
: : neglect
. Rase | P Dowum = Qa..ox'c.ts)a, 2.56 = 4,3,9«5? |
T B Up = z.98+ 3885 = 6.43FSE
Net Pr 2 G.on-4.30 = 173" Up,
MQET- -KLE‘K ll”’bx 31.02'5 ‘35.OK
Mie: Hpx173x 405 = 2.3%



NED FORM 223 . NEW ENGLAND DIVISION -
27 Sept ' 49 o GORPS OF ENGINEERS, U.S. ARMY o ne A 7¢
st __Fax ant Pomp Staben  G&e'-s" Moenolidh

cowmnon S ubstroctore - Sectiow at Bagside Sdee

COMPUTED BY &Fh ' CHECKED BY R.A.K . 7 e AT De ¢, 59
Case OT L..oadllmg

4 N
. o . +M
=&z —40| S {406 -M
. © of o @
o o] o o
-1 o 0 O
o —~g6 | 0|40
. - 80" o | O] O _
o 2 O O. b o' e
2;!0-—-_—(\{\9\95" .;o 0. N
" t‘mﬂ‘ -

) . .’ '. | %
2 ~V35 -8 :

. 1328 . O |-)3R
25G- | 3. 2 o] of o
~ 128 | -28.; o 16 | o) -16
| 46, C A 18 o'l ol o
- 73| 6| o g ol -9.
64 A - N gl ol o
67T {-187] —80 r{.f63' -6 3 -M
B, E +M
21 . 21| . | V
L= 3
24 .30

PMeg= (13.88% 24x}2) - o = 16C.5~80% 8.5
Vae = 24.21F --(E_’_’_—_CEE_) = 24.32- 3,22 = 2[.]0"
Vea: z3s + 3am &S : = 26,32 -
V=e@: zlic = (J.29 ac)f(!_-_a_!x 1;") 872 10 ) x%&'&awgm)
EUCE £33 = 4+ 26.68
(o) 1302 = %

+ Mac"': Ql.lo }.(15111)"(82.0)’(}.’2.‘% )(b;:}_l)‘(%z_;t.x 1??;-}.);:3) ) . + qu w!

now
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27 sept 49 , RP§ OF ENGINEERS, U.S, eauvu " ma/LZL
SUBJECT )t { _ - e L\"QEZO 177

COMPUTATION - '~ A
COMPUTED BY G By BT A CHEGKED BY _° RLA oare [B DG (359
Qasge V Norwal condifions witl waber fwside at El.oe

.CI:

a
!
0
!
{
|
!

*"‘“’*‘Hﬁﬁ%ﬁ% e i

Base. = (as.sumed umformly dts+n130+cd) 8‘?3"3" : OI’I"F’L : ‘.stéF .

Net BasePr.= (3.48+1.73) -(1.80 +0.36) = 295" I 3

Mnb bar 4x15c% 312 = 48"
M"Ae.z %zx 2:a5x 4.0* = 40

NCHMF Yax 245 X 3107 = 2360
wxg Wr9e8 xfaxlb = 723"

Mee - 21 . = 03063 +1)(135x S ) = 45"
561 150 *'2“’3 o614 Fot)(53x 32.5x %) =~ 114
4 b a2 — 70 oar(io- 110y (1ox 328X ) = - LS
’ 32.2""
Mae ~ 0'@3 51,9 hagen? x\30) = 140
lesse SATA(4765) 5.3 RELS¢, :2) .« - A
x Gil7 5@.5/ ). 0 ~2’<3c3)'-'“0,"
16.5.%
Ra = 7,23 X 105 - 2.34" Re = 123K 22 - 4,89

32.5 ~ 32.5
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27 Sept 49 CORPS OF ENGINEERS, U.S5. ARMY PAGE ﬂ
swaeer Fox Famt Pume Siatian Gi-0" Meansiith

Sfib«’!-v‘uo-i-uv-e- Sectiom 2+ Baqﬁida Edge.

COMPUTATION

COMPUTED BY & F GHEGKED 8Y IR oate | B8 Pec. 59
Case ¥ l-oading:
S i
-2 + 2
4 9. N,
2.7 +M
——!ﬁ:— —c4' 64' a—'M
a’ G- e o’
s =i o o | o
z I o “lé- 8- 16-
-33' a \y o
2 28 45 - 48 - c
.. =l e 1o,
w23 fio-‘\l;;f 44 80+
o= o], F '
] €
.r e 13
4 G/&é<~ 42142 9
A 32 -236 23] 07 -6
232 3 2‘] . 'O O O~
- A\ & |-1F N5 o | -5
116 4 \5’ Y 6] o-
- 838-| 06| ©O- T ol -1
ol N N G- ol e | Lo
2414y - Bé 25y -258" -M
| 142 +M
4.8%:| 4¢- 46 \'%
‘ | 6 Al 44 48
+Meg = (14'.qx44x'/z)—|e,c, :328-186= |42%
FMap = (1cBXTXE)-14 = 4l-14 = 217
+tMae @ Vzo 0.59:= 2,963 »* wr= | &.4 *: 4D (-l— 17..70)
156 = ) .
FMae= 4.0 +(0.59% 1618) - (0 263 _1_39_\ : 14,04 01-0.87: 22,94

G

., '



NED FORM 223 ' NEW ENGLAND DIVISION

27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY moe? 77 _
SURJECT Fa X Paint ?umn Station 66 o' MOVIO Lith

COMPUTATION Scbetructore - Se ctiarr =t B?’tu sude F’c\qe‘

‘COMPUTED BY G-FH GHECKED BY Qubh. .. DATE JM_

C&SBIZ: Wa,H:e.r“ 2 6‘ 4—-3.0 on baH’) side.s.g pumps Nnat
Op&l"&‘i‘l\/l?; ar{—h’(u ke m landside direclion.

Base Br= 429 wSF U}ol:H'- [. qs KSF o
Net Base Pr= (4.29+1.a3)~( 180+ 118) = 6¢.22-2/45 = a.,z7"%F
Wall

a, = 092(s- E - '
—_ : M.ac' 0.12 53';.16 (.camr ,:}Z.S,)@z.s) = + z28.3%

& 011%(4- o.5) (:.ls'xs s\('sz 5) = - T
X |z
. L 0.11¥5-051) (06423(55)(32 s) - ¢l
< "'"'"-'"__"'_K.l
@ we MEYI8S 30 : 26.5%.
- [ = 10 351" :
. 2 . Y CoM s ona(:a—?.zo+:.5§2(.05413(5@")(52.s)= * GO.
z +QGA2X18.8 30 =
2 b =S KsF orr{e-1.36 +o.av)(:.15xs.s)bz-$) = - 6.0
o [ 2
6. m(io 1,70+, 87)( 0642,\!__5_“,(31 5) - L6
; e : 42 .5
F . R |
Ma,= <48
fes L X321 x4.0" - 40"
o L. : 2 _ , ) r! ) .
ev * \ZX 2,270 ZG62
Raz 10.35% ILT | 2.66" - Re: 16.35% 2.0 . 669"

22.5 ' _ 32,5
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27 sSept 49 CORPS OF ENGINEERS, U.S. ARMY pace 2%
SUBJECT Fox pm.wl' ?ump S%an‘—lfm QG"O ! Mand/:’#ﬂ

COMPUTATION ' - ' : uoide =

COMPUTED BY &FH CHECKED BY 24 < oare | B Dec, 59

Case X a Loadi'mj .

-2 F2r
q q \/
22.0 + M

-9’ -G T e -M

o o SO

- | e o) O

> o -1q| o119

__38. o o O-

46 . 3 Y 48
I e
\s_go.\,l ‘,-.mg ) 80,

i SR L
‘[ ' . ol e
d - asjil- A2 | a2
/é\ AN J
4 |-A2 |=262° 262 | O'|-262-
264 | -3 33 o | ¢ ¢
- 1232 |-1¥ o - 16 o -i&
YA I- i1 o ol o
- el o o g| ol -8
Fe4 1. 7 o ol o
260 |-55{-205.. 286G 286 -M
147 + M
669 51- 5V V4
2,09~ 3. +3
2.069148- 354 -

F+Map* (If.bﬂx’idx{)- q = 4']f-q= 2.6%
+MCF:(I4..:23X'4'8XJ§_3' 208 = 5:5‘)_..-- '2‘.°5 = 1477 k'

IMmar@E Ve V66 = .0642 _-_;5.: 12 &L v '1.14'<+-°\.0)

t Mz (166X 16a)+@.d) - (.oahzxv.}q3>= 26.8 £9.0- 4.0 = 3.8~
o

ARMY:NED-BOSTON
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NEW EMGLAND DIVISION
27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY : mo:LZL
sovxor __ QY niat Pung S-I'a'hon .
COMPUTATION. . C.;t;bﬁf[“&:‘::z[ﬁ, Sed .:l:]mﬁ a:l: iiﬂ L45!d6 E.dqle_
COMPUTED BY &FH GHECKED 8Y RA.b.. oate 2| 2iec. 89
Reoof Member - ab Fe: 300C psi
' . %-cs' | H5O PS(';
Case Ta ' ;-" z Xecoo psu
N= 33 <‘ W= o.g5% H.F *b)“ 85 - qc Pﬁ‘:
hed o ase 4“ _T A, fop~ erposed
jte seauater : 2/0pst
Ra Va W, others = 300 psi .
05" 9.8 H.S l‘M 1% 0.885
) . : . Kz 60O
Mypa,at facc = 85-(§xu.2xec) = 85- 35= 56~
May, at face= 35—(-‘5x j60.65x4.0)= vn-14 = 19"
+M = 44.8" t: 48" d: 43"
~Ay: SOoxiZ __, 019 i w:_N560... ... 2852 psb
S0 X 888 X43 |2X.985X43
£,= __liSc0 = 144 n M.= o16oxLox43*s zase™
2i0 x.,885X43

+As=__44.8 ¥ii,

. O Nt
20x.885% AR

M Steel: ,0025y12X43= 0.65 m*

Case TT. Threrease Stresses buf 23

Va: V= 4,56%
R Ve Vo Ry v

~M.p, at {“ac.c?_ a2 -( B 4.044.8) = 8- &5: 'L

~Mua, at Face = 40 -(5¢4.0x80)7 40~ 16z oK
~Amz 2 X12

TR
2677 X, 885443

ANRMY-NEQ-BOSTON
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27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY mem
SUBJECT F".:.% ?L\YH" ’D_LLMD %iahm

GOMPUTATION = = p g e 0} G .
COMPUTED BY ¢t EH GHEGKED Y S oate 22 Vec. 549

Dase Mc,rrbc.r* fJ?

;, e
Case I __. _age!

Vr
- *40
M:Zi'i' C 1 ws .48 8AF _f )M 302,]‘

Re = 52" RF: 56" Ve: 5z.0- 3.482?-.0)
\!{z 56,0

. 4504°
~(3.48x4a.0) = 4z.68K

"

~Map, at face = 227~ (g}(48f52x4,0):‘ 227-64 + 163"

-Mz, ,at face = 36z -(Lx 49.04x80): 2e2- 130 = | 72K
FM = 162" Ct= pMe” d: onxzs e
-Ag = 172 X 12 . O 89 int e A% 040 . 32 psb
RC X, BEBXS X |32 1 2.¥. B85 X1D2
Z.=_45040 - 1. 84 1 M, - oaGoxl.ax [BA T 290"

210Kk. 885X 122

tAs= __162 x12, . 0.80in?
20 X. 885X \08




. COMPUTATION

NED FORM 223 NEW ENGLAND DIVISION

27 Sept 49 . CORPS OF ENGINEERS, U.S. ARMY | PAGE _'QZL.
suseer X Pomt  Pump Stariam

COMPUTED 8Y GFEH GHEGKED BY TR oare 22 dle ¢, 59
wall Membe,r - ze

Case JIL . Twncrease stresses by 33}574

M-22" Ra: 21.10% Re: 26.32°
o— . . .
Va f“’ T Vaz o ozne® Ve= 26,22
' —Mae, at face= 82,0 »(ng 211 6% J.CD = 82.0-28 = 54%
2.0 . . . ’ . . . '
~Mea,,at Face = 187.6-(Lx ze32x8)= 181 —9¢ = ~q1"
z-;a"" . , '
Vot oy +M = \09F
55" . i .
R ~Ags=_al X112 = LO8in*
e/ - 267 X. 885 X 43 .
M:1g7™ B , _ o _ .
o w2 26,3220 . - 58 psl £.2 26310 . . 3.29in
12X.885X43 ‘ S 210 XL BBSRAD- '
*As= V64 X2 . L26:W% . Min, Steel =.0025% 125432 2.6 n?.
. 26T K.88B5KX43 . _ ' . . LB . \ f
N * y ’ :
. . g, . . . . . Vo
1 e @ e # @ 1
: o Lo = : oL o
N S S ) Al /o}?gafl#dbﬂaa} -S?{EG/
. o oo . ; o | Ao @ s

PR I . 0

-+ —

Kd
I —

/( 8@ 0"

O B .
f
- — ==
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2 Sept 49 CORPS  OF ENGINEERS, U.S, ARMY fun meé_&
svpoear _OX Pomf Qi Gration - L& "V(ono.l rn_

COMPUTATION Qu '53V'UC'£‘UT"6 TXZDSU&I“? 5‘ a3 £ Syt

COMPUTED BY E.f £, CHEGKED BY . A oare 1| D2, 5?’5{:’

Loy ree'e) o, 9 18488 L o'
; IR
! s B S
; 80" 19%0" &
{

o"

53

R iidh i J
ot} = |
. — . fuoas Section muc%g
/ : : : .aken as 2

= e Aar { .
‘528 KsF ate 14-04K5F * _i 2.81 iksfF

Base B - Case T
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DS ot Oy SRfamen e iR

COMPUTATION ib_‘s_ ]

COMPUTED BY PR CHECKED 8Y & FH OATE lA:_Qﬁc‘....L ._5‘? y 2
Mewber ab t 40" Max.Ie Zex‘i’?{? 1¢7$ _9__: ,;};. __,f._
. %{ ’20'0“ ‘MIDJI; ;53" 5‘*»'?‘4 3 _

| @ wnax'/éyw Lg% 1846l 84e>°
. 766 <222 < 1755 27071 ] 42602,
N 583 <1867, 4 933, 13,92, ] 18600 |
U 6.855%‘28 > 195 « 199650 U760
V. 63x%x 420 | » :93. « 13945 97002
V88T T« 987 » :52, « 1§ 50:: zxam
w 907r/zx9.97 3 54”; 3eP.
, 802&.. - .IS'ZIC!P i
o i5210 § 80280 1300 |
N CO = 122790« aGg3i ..
3 Vi wxiu m 2 9980, 5lO. ;4950_
S % 1 % 7 : 1058 :4&% 15252°
<y L X e% «ayﬂh xzs. x I3 = 20052°

- Y aﬁaa%*w’ - 1102 % 1798 - 187050
< A 1 L 5. 790 e 1p70°°
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FOX_POINT
PUMPING STATION - DESIGN MEMO

COOLING WATER CANAL SLUICE GATES
B peston cowpurarions

Reguired Hoist Capacity

Jate Opening 10'-0" x 15'.04

Unbalanced head for hoist loading

Hydrostatic load on gate 1l x 15.25 x 6 x 62.5
Friction load on 8 wheels - 63,130 x .002
Friction Side Seal 15.59 x 12 x 2.5 x 2,6 x 2
Friction Top Seal 12 x 12 x 2.5 x 2.6

Stem Wt, 2 - 5" ¢ x 32 x 67%

Gate (est.)

25% Overload
Total
For selection of hoist use load of
Rate of opening gate '
Motor HP = (20000 x 1)/33000 x 55%

Unsupported length of stem 24'-6"
Max, Stem diameter '
Root diam, of threaded section
Radius of gyration 6" 6/
Radius of gyration 5,58" 5.58/4
1/r of 6 ¢ 294/1.5

1/r of 5.58" ¢ 294/1.395

f = 17,000

8/

6 Ft,
63,130 Lbs.
126 1bs.
’ 2'418 lbs,
860 "1bs..
4,300 1lbs.
8,000 1bs,
15,704 lbs,
3,930

19 . 63’4' 1lbs,
20,000 lbs.
12 in, per min.
1.10 HP

29% inches
6n
5.58"
1.5"
1.395
196
210.5

: NY = ]2 -
1+N 16,000 r* = B86436/16000 x 1.95 = 2,77

£ = 17,000/1 + 2.77
Ares & root
Safe load on stem 4500 x 24.5°

= 4500 psi

2“'-5 8Q. .1n0
110,000 1bs,
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